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SGmﬁ Enhanced Mobile Broadband

Gigabytes in a second _l_.

3D video, UHD screens
Work and play in the cloud
; Augmented reality
; Industry automation
Mission critical application
Self Driving Car

Smart Home/Building

Voice .
Smart City
Future IMT
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications
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5G proposed

100GHz

5G mmWave

4.25-27.5 GHz, 27.5-29.5 GH2)
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\ Mm-wave

Bands Above 24 GHz for Possible Mobile Use
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3.5/3.7 GHz Band 45 GHz Band 26/28 GHz Band ~—
33 a2 44 50 2425 275 2
Band n78 2.9 GHz available
Band n2s8 [ BW=2+0.9GHz
Band n77 .

%5 295

34 s - V- NS PN RPN | A 45 . 334 350 ! TRy .

calad Medmdmsoommisw = | Max 2 Gz BW_|

*1: Currently used for 4G
*2: Addtional band for 4G (expectad 1o be aliocated by March 2018)

2425 215 10 GHz available
{ 3.25 GHe BW | BW=5 GHz
3 RS iR L 2475 2525 27 35
NOIin 2017 24.25 2445 gNeRIn 2016
S | 24.75 225
100 MHz BW 200 MH: BW
5 4 GHz available
3 GHz BW
: BW=50 MHz

2 GHz available
BW=150, 850 MHz

16Hz {|  <seHz__ |

Below 6 GHz Above 28 GHz
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® Antenna with narrow beam and high gain > 30dBi
® But small coverage

® High antenna gain means high link gain, and high
capacity(high data rate, high quality etc.)

m if we want to have high antenna gain as well as wide
coverage, what should we do? How to overcome the
contradiction between the link gain and coverage?

B Antenna with wide beam and low gain ~ 14dBi
B But wide coverage
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For WLAN system,fc = 2.4GHz, BW=20MHz, Linked budget loss :

* + *

For mm-wave antenna system like 60GHz, fc = 60GHz,BW=2GHz,Linked budget loss :

i.e. In order for mm-wave system to achieve similar link budget as WLAN system with similar Py,
need to rely on directional antenna point to point communication with high gain Grx and Ggy.




5G Overview Applications

Automotive

Infrastructure

SG NR
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End User
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4G
Macro Cell

Backhaul

mmW
Small Cell
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Access Point Base Transceiver .,4.' Base Transceiver |"$/' :
User Equipment
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< o Base Station Beams
% P § Controller sector in
Access Point N uU-v
10° Beams within each plane

Sector
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ANSYS 5G Beamforming{fE#EAR
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20 GAIN RADIATION PATTERN

ELECTRIC FIELD
ON A CROSS SECTION

3D RADIATION PATTERN
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mmWave 5G

4G/Sub-6-GHz 5G  Antenna 1
Antenna 3G/4G/

GPS/Wi-Fi

” 4G/Sub-6-GHz 5G
Antenna

Antenna :
mmWave 5G

Antenna 2

Multiple bands(LTE/sub-6G/mm-wave) antenna
coexistence

The array antenna has broadside and end-fire
beam

5G antenna module is located around top, bottom
or corner of mobile devices.

The PCB substrate is low loss & low Dk dielectric
Complex surrounding like chassis or case

PCB " Fill-cut RF circuitry
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Plastic Case

dy = 4.3 d; = 0.004 l
/

Patch antenna
W d

RF module
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0 d, = 0.5mm

2%d; = 1.0mm ° \
dy = 1.5mm ﬂ
d; = 2.0mm s

d; = 2.5mm

d; = 3.0mm

dy = 3.5mm

-180



d, = 1.5mm

d, = 2.5mm

d, = 3.5mm

d, = 4.5mm




ANSYS HFSS = Icepak WEBS O

* 1EBITANSYS WorkbenchSCII M ANSYS HFSSIE I ZIANSYS IcepakPHY KL
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2 | & Geometry
3 Setup v
4 ﬂ Soluton v/

Smartphone_with_amp_6_GHz

v

Z‘Q Setup v 4
3 @ Soluton 4

Icepak

PNUM=1
RZ=500hm
Z=0ohm

Amplifier

LCPLACER B PIZSTE

HFSSIRR S

RF source

controls

input power

level

Total RF heat load ¥~ 8 mW
* PCB:6mMmW
* Metals: ¥ 2 mW
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Antenna array

Ground High speed

interconnects
Thermal simulation result
130
120
110 >20 degrees —e—w/o Thermal

dissipation block
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M =& w/ Thermal
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dissipation block
90

80
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Collision warning Collision mitigation

Blind spot detection

1 i S

T o

1 Y -

Lane change support

Precrash



Thick Radome

Thick Radome

\ Aluminum housing Aluminum housing
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RRIEIR vs ERBIEIR

mm-Wave Antenna
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AIP vs AoB

Antenna array

High speed

Ground "
interconnects

Antenna Feedline

Parasitic Antenna Patch
M0\
Mg NG |
== X Antenna Patch
M7 N Ground Vias

Ms
Ma
M3

1~

\

GND

_RF Interface

100 um

BGA
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3D radiation pattern of antenna unit 2D cut of antenna radiation pattern

& F2 T {ES%V-band(57~71G), F50oRs11<-10dB

& TP i h6dB, RS0




T ER3: FERTIRE

0 | Comemgamin | Matas Duts | Vsd Sumenics

e BT ow | 0 T | e
e PR S
Draaer e bare Gt . o b At
o W “rm
Gt | Opts | bebrarrmd | Styhomd | Gapronams Covbe  Domvetnws | Suiowte | -
nan
Brnhane Corivotions bus thone varabion .
N “iw
Nane e - o ot e o
o = .
P, - o
: : —— BN IR
meary b aveer e o
—
- Pecmeiow oNE W ™ - n;
N
G S vi=} -J’\ =
Hobun Ponpomusy s o, St Tj'l E
v - o m ST R P
- Y TR
- e WE U o o "
e . oo LIRS
- T e S R T et
Teedice « o o e P |
——r v Py T
e O v o N 3T W @epans
1 — Sovmary boanens e by e e
“p o
{ L Irmery s ooy Svans
1 - Pekmeton T T - 1 1wy -
o v
| e Sburns Hoda) oy TS 1o, )
-ﬂ) pe Yerir LR L S e N
. omn W -
- g 00 onm ™ > "
o Lo seomn BN
[ -
-
ol Bl gy Mgy S | Wt s
e
v Sy ————
—— s - -
i - - 1
v = =T TTY T
S R—
v ——— —— -
o e ——
o }ﬁ@a {‘ '%
g . lﬁki ¥ e
= A =y SHe S e
\FZE} j’\ *'3 e =
L) \:’L E e - - -

BT BIR 10 5 K




iZitE R4 HRED

Antenna parameters sensitivity

freespace 4

9.00 ] Curve Info
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Setup Sweep Analysis

Sweep Definitions 'Table | Generall Calculﬂioml Options[

sync = | variable | Description | Add... I
patchi | Linear Step from 1.025mm to 1.045mm, step=0.0 imm
patch2_w Linear Step from 0,975mm to 0.995mm, step=0.0 Imm ' I
parameter sweep freespacel A
000
SHWHRREXERT
5 500 ~
1000
Setup Sweep Analysis 1500 ]
e 2000 -
Sweep Definitions Table IGeneraI I
2500 -
*| patchl l patch2_w ] 2000 : e ek PR e s
1 1.025mm  0.975mm 2500 e P ok
2 1.025mm  0.985mm s e Ry il AN
— a1 ) OSenee’ DANCHT_ D 5T e
3 1.025mm 0.995mm 4500 - — patch] 1 iy’ patchid w0 S08mm’
SAeN ) bt Odfenen’ paiAD  we'D 06
4 1.035mm 0.975mm daioe o S/t Ormen’ Sakch2_wD e
5 1.035mm 0.995mm ss00 ]
6 1.045mm 0.975mm
$0.00 T v T v I = v ) =) T v e TR = v v
7 1.045mm 0.985mm 56 00 5500 6000 6200 ;,:;g.(_«] %00 6800 7000 7200
8 1.045mm 0.995mm
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comparison of Analytic Derivatives & parameter sweep freespace 4
0.00 Curve Info
1 - patchit_I+0.01mm
— patch2_w+0 01mm
= patchi_{+0.01mm patch2_w+0.01mm
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-40.00 —
-50.00 — "
-60 oo T Ll L] AJ I | Ll v T ‘ T v T v l L 1 L L l 1 Al Ll T ' | L] Al Ll I L L L L I L L) L T
56.00 58.00 60.00 62.00 64 .00 66.00 68.00 70.00 7200
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FloquettRT\U 3 s x

Genersl Modes Setup | Post Precessing | 3D Refmernent |

Nusbser of -

Pleare click on $his button if you wast sssistance in settieg wp modes)

Modes Cakadetor.. '

[T et | roiwrimtoatusts | = | o | Amonseton tdiongtd |
T Q 0 0.0
[ 2 ™ Q 0 0.00
) " -1 0 w082 |
[ ¢« = 0 1082 }
] 3 ™ 1 0 082
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[ 7 TE 1 0 2323 ‘
1 a L ] 1 2320 |
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Realized Gain calculated directly from
Flogquet Transmission Coefficients
44 2
G= _2,!— qmaolz S pzo.ol )‘.0‘95)
Reatsed gan phi0 fhela yeees e L R L
Rustans gar ph_0 Nats vavep T ) e T T 5 - - - { -::.
—— == ===
= H e
™ i
o
\\ -
above 62 GHz
Realized gain at Phi=0 frequency sweep Realized gain at Phi=90 frequency sweep

From Floquet mode simulation, the realized gain doesn’t degraded when beam scan from theta 0760 degree,
it indicates no scan blindness were found between 56~71GHz

It found the realized gain drops when beam scan from theta from 50~60 deg, it indicates there is scan
blindness at phi=90 (E-plane)
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P& ElF —Array factor

T beam scan theta 60deg unit
vy Type. Reguar Ay | |
First Cell Position
Curve Info X0 108eamwidin(3)
P ] - — —— g=2.1mm theta scan B0deg 1369
‘ — d=2 45mm theta scan 60deg 1174
Direcnons
U Vector x |1 v o z o
!
V Vector x [o y |0 z fo
Distance Between Cofs
in U Disectior |[PCB w v| InVDirection [PCB w =
Number of Cells
I U Disectioe |16 InVD-t«mjlﬁ
Scan Definition
© Use settings from sleve boundar L {0 deg =
& Use Custom Scan Angles Theta 160 deg :J
T Use Diflgrertial Phase Shiit dogg =
i e 3 |
wx | o wa | wm ||
~37.2U 06 r T r T v T . — T T T T T ' bo T ' v T I T r T T T T T ; bo v v T
-100.00 -75.00 -50.00 -25.00 0 25.00 50.00 75 100.
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Array 2D radiation pattern at 64 GHz 'Antenna elements coupling/isolation level

€ Rectangular array with 16X16 elements, when array feed uniformly, peak gain is 27.8dB, HPBW is 7.0 deg

€ When array feed uniformly, the active S parameter of center element is < -20 dB, the edge elements is < -22 dB
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S00

edge elements vs center elements RL wray_ 16016 A

Curve iy
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-1000 ~

1500
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-3000
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57.00 50.00 8000 6200 6600 6600 68,00 70.00 1100

¢ In general, return loss for center element < -8dB within band when broadside beam -

€ Return loss for edge element < -10dB within band
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¢ In general, isolation between adjacent element in E plane is 10.5 dB better than H plane

¢ Isolation for center element in E plane is dB better than edge elements in E plane
¢ Isolation for center element in H plane is almost same as edge elements in H plane.
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